We use German Sample Survey income data to examine the income distribution for elderly individuals during the period from 1978 to 2003. The elderly population, defined as people of age 55 and older, is decomposed by people resident in the Old and New Federal States. Further, we distinguish between persons receiving old-age pensions and persons who do not. Inequality estimates are decomposed by income components, and the bootstrap method is used to test for statistical significance of results.
INTRODUCTION
This study investigates the long-run changes in the income distribution for the elderly in Germany, defined as persons of age 55 and older. Among other reasons, this era is interesting as several fundamental reforms of the statutory German pay-as-you-go ( PAYG) pension system have been undertaken. Indeed, in the late 1970s, the German PAYG system was expanded to one of the world's most generous ones, in terms of both replacement rates and early retirement provisions. Population aging, German reunification and high unemployment rates, however, caused a raising fiscal imbalance. Policymakers reacted. The eligibility age has been raised, replacement rates have been lowered and subsidies have been introduced to stimulate private old-age provisions. 1 The reforms undertaken and in preparation have direct implications for the financial situation of Germany's actual and future elderly. They also change the legal framework under which individual labor supply, retirement, savings or fertility decisions are made (see e.g. Berkel and Börsch-Supan, 2003; Börsch-Supan et al., 2003; Frommert and Heien, 2006; Hirte, 2002; Schnabel, 1999; Siddiqui, 1997) .
Taking stock of the changes in the income distribution of the elderly in the last decades can provide a useful yardstick for taxing the costs and benefits of the ongoing reform process. Already, several empirical studies have provided information on the shape of the income distribution for the elderly, including Biewen (2004) , Börsch-Supan et al. (2001) , Münnich (2001) , Schwarze and Frick (2000) and others. This article builds on these literatures, extending information along two dimensions.
First, we seek to investigate, in detail, the financial situation of elderly persons and its intertemporal evolution. Throughout the period under consideration, we provide price-adjusted annual pretax-post-transfer equivalent incomes and factor shares, the percentage shares of different income components in elderly households' budgets. Second, we examine the intertemporal evolution of income inequality, measured by the Gini index, and how changes in factor shares and income components' distributions contribute to overall inequality. Whereas most previous literatures lack information on statistical inference, we use the bootstrap method to test for statistical significance of results. By means of the Gini elasticity, we further assess the impact of a marginal equiproportionate change in income from a specific component on overall inequality (see Lerman and Yitzhaki, 1985; Rao, 1969) . Such estimates are of particular interest for policy-makers who are concerned about the relationship between policy-driven changes of peoples' budgets and the income distribution. All results are provided for four subpopulations of elderly people. Two criteria define these subpopulations: region of residence (New vs. Old German Federal States, or 'Laender') and (non)receipt of an old-age PAYG or civil servant pension.
The databases underlying our calculations are six cross-sections of the German Sample Survey of Income and Expenditure (German abbreviation: EVS), harmonized in an intertemporally consistent manner.
The remainder of this article is organized as follows. Section 2 introduces the database and describes its processing. Section 3 explains inequality measures, the bootstrap method and statistical test procedures used. The empirical results are provided in Section 4, and Section 5 concludes.
CONSTRUCTION OF THE DATABASE
and consumption data. 2 Cross-section size ranges between 40,000 and 60,000 household units. Persons living in communal establishments and institutions and households exceeding a specific income cut-off are not included. 3 From each cross-section, only persons of age 55 and older enter our database. A minority of elderly subjects is not considered as a result of two technical reasons. First, intrafamiliar relationships remain unclear in some cases. This especially applies to households with three or more elderly persons. Second, income components sometimes cannot be assigned to the household members without extra assumptions. To reduce resulting inaccuracies, only the first two elderly persons from every EVS household unit are included in the database. The eliminated fraction of elderly persons is small, for example 4.3% in 2003.
Another concern is over-and undersampling. Compared with the German microcensus, the EVS oversamples people in their 70s on the account of subjects of age 80 and older. To fit the German microcensus statistics, we have adjusted EVS sample weights according to the entropy-based minimum information loss principle. 4 Income reported throughout this paper is annual pretax-post-transfer equivalent income expressed in year 2003 prices, 5 comprising (a) employment income: earned income and self-employed income; (b) retirement income: retirement pensions from public pension fund, civil servant's pensions, company pensions and other pensions; (c) transfer income: benefits related to former employment, social assistance, family-related benefits and other transfers; (d) investment income; and (e) other income. 6 Other income is a residual that cannot unambiguously be assigned to the previous four income components. Pretax-post-transfer income is the sum of all individual incomes of elderly persons living in a household unit plus a fraction of incomes reported at the household level only, with individual incomes of other household members being ignored. The fraction is given by the number of elderly persons divided by the number of all persons in the original household unit. Finally, to make incomes of elderly household units with one member and two members comparable, pretax-post-transfer incomes are equalized using the OECD-modified equivalence scale. 7 The resulting pretax- 1978; h18,546 in 1983; h17,497 in 1988; h20,788 in 1993; h19,131 in 1998; and h18,000 in 2003. 4 . Details on the reweighting procedure are outlined in Bönke et al. (2009) . 5. Incomes have been adjusted using consumer prices, provided in Bönke et al. (2009 , Table S2 ). 6. The income components are constructed from several EVS variables. See Table S3 in Bönke et al. (2009) for details. 7. The OECD-modified equivalence scale assigns a value of 1.0 to the one-member household, and an increment of 0.5 to each additional adult household member. See OECD (2009) for details.
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METHODOLOGICAL CONSIDERATIONS

Measurement of inequality
Inequality estimates provided throughout this paper consider sampling weights. Hence, if an elderly person lives in a household unit with a sampling weight of 50, in all calculations this observation is considered 50 times. Our inequality measure is the Gini index, G, twice the area between the Lorenz curve and the equality line. The Gini index gives a relative small weight to 'outliers', i.e. very high incomes, so that biases in the inequality estimates driven by top coding should be small. The Gini index is additively decomposable by income components (see Lerman and Yitzhaki, 1985; Rao, 1969) . 9 Such a decomposition is of interest as previous and future pension reforms most likely will alter the composition of elderly peoples' budgets.
To better understand the role that changes in factor shares of different income components i (i 5 1, . . . , I ) have for inequality, Gini elasticities are provided. The Gini elasticity of i, Z i , gives the percentage change in the Gini index with respect to an equiproportionate marginal change in equivalent income of i. It is defined as
where m is mean equivalent income, m i is mean equivalent income of income component i and C i is the respective concentration coefficient. If the elasticity is negative ( positive), an increase in mean equivalent income of i reduces (increases) inequality. From (1) it can be seen that an income component affects the Gini index through two different channels: (a) through its relative share in total equivalent income, w i 5 m i /m; and (b) through its spread over the range of total equivalent income, C i . Let DG i 5 G t À G t À x denote the difference in Gini indices for periods t and t À x, and let w i and C i be functions of time, then
8. The suitability of different income concepts from a welfare perspective is discussed in Podder and Chatterjee (2002) . Benefits and strengths of our income concept are discussed in Bönke et al. (2009) . 9. Our presentation is a brief summary of the analysis outlined in Podder (1993) and Podder and Chatterjee (2002) , where further details are provided. Dw i;t is the change of the Gini index as a result of changes in the shares of different income components in total equivalent income, the share effect. The second term, P I i¼1 w i;t þw i;tÀx 2 À Á DC i;t , quantifies the impact of changes in concentration coefficients on overall inequality, the concentration effect (see Podder and Chatterjee, 2002, p. 8 , for details).
Bootstrap inference and inequality
To test for statistical significance of results, we compute standard errors and confidence intervals using the bootstrap method (see Mills and Zandvakili, 1997) . From each cross-section of elderly people, we draw, with replacement, 100 random samples. Each random sample has as many sampling units as the original cross-section, and each sampling unit in the original cross-section has the same probability of being selected. Hence, the bootstrap does not account for differences in sampling weights. Sampling weights, however, are accounted for whenever an income or inequality measure is computed, be it for the calculation of point estimates from the original database or for the calculation of standard errors and confidence intervals from bootstrap samples (see Biewen, 2002) . 11 Our particular interest is the assessment of statistical significance of intertemporal changes. The test procedure is illustrated by means of the Gini index, but applies analogously to other measures derived in the empirical part of this paper. Per cross-section, we compute 100 values of the Gini index, one per random bootstrap sample. This gives 100 Gini differences for each two consecutive cross-sections, DG
. . , 100. The difference in the Gini point estimates derived from the original EVS database is DĜ t ¼Ĝ t ÀĜ tÀ5 . Hence, suppressing the period subscripts, Hall's (1994) percentile confidence interval for the Gini difference is Prð2DĜÀ DG * high rDGr2DĜ À DG * low Þ ¼ ð100 À 2aÞ=100. The estimate DG * high is the 2.5th upper and DG * low is the 2.5th lower percentile in the bootstrap distribution of differences, and DG is the true difference. The change in the Gini index is statistically significant if the Hall confidence interval does not include zero (see Athanasopoulos and Vahid, 2003, p. 417) .
The statistical significance of differences within a cross-section, for example in Gini indices for pensioners and non-pensioners, can be assessed through examining overlaps of confidence intervals for group-specific estimates.
Our bootstrap approach does not account for the fact that the EVS is a stratified sample. In case of stratification, sampling units are selected from the 10. Podder and Chatterjee (2002, p. 8) have suggested an averaging of the two periods' estimates as a 'compromise -and for a better approximation', as changes can be measured with respect to both periods t and t À x.
A technical equivalent analysis with two cross-sections of Australian Household
Expenditure Survey (AHES) data is conducted by Athanasopoulos and Vahid (2003) . Like the EVS, the AHES is a representative cross-sectional database derived from stratified multistage probability sampling.
Incomes and Inequality in the Long Run r 2010 The Authors German Economic Review r 2010 Verein für Socialpolitik overall population according to household characteristics. Typically, population units belonging to a stratum consisting of many observations have a smaller probability of being included in the original database than units belonging to another stratum with few observations. Then the selected sample is no random sample. To account for this feature of our database, bootstrap samples alternatively could be drawn independently within each stratum and then be merged. Unfortunately, the EVS does not contain a variable indicating the strata associated with sample points. The EVS stratification variables, however, are documented (see German Federal Statistical Office, 2005): region of residence, household type, social situation of the household head and net income class. Using the stratification variables, we have identified the stratum to which each sample point belongs. 12 Drawing bootstrap samples independently within each stratum does not change our conclusions, and so we refrain from reporting results from the second and focus on the estimates of the first bootstrap approach. 13
EMPIRICAL RESULTS
The empirical results are edited in two parts. First, we show how the financial situation of the elderly, measured by equivalent incomes and compositions of household budgets, has changed over time. The second part deals with the issue of income inequality. Results are tested for statistical significance, and provided for four different subsamples of the elderly population. For grouping individuals, two partitioning criteria are applied: region of residence (New vs. Old German Federal States) and the receipt or non-receipt of an old-age PAYG or civil servant pension. If an elderly person draws a 'classic' old-age pension (in the form of a PAYG or civil servant pension), she is assigned to the subsample of pensioners, else to the non-pensioners. 14 This distinction does not mean that retirement income of non-pensioners is zero. Besides old-age PAYG or civil servant pensions, retirement income also includes company pensions and pensions due to special regulations (i.e. compensations and assistance for war victims, survivors' pensions and pensions due to early retirement). Unweighted numbers of observations by subsample are provided in Table 1 . The unweighted total number of household observations ranges between 12. As an example, this gives 3,060 strata for year 2003. The German Federal Statistical Office merges neighboring strata if sample size in a stratum is small. Unfortunately, to the best of our knowledge, a guideline on the merging procedure for neighboring strata is publicly not available. Hence, our stratification can only be seen as an approximation. 13. Athanasopoulos and Vahid (2003) come to similar conclusions. Estimates are summarized in Bönke et al. (2009) . 14. Of course, several other options for differentiation exist, such as labor market withdrawal, lack of earnings, receipt of retirement incomes and age. The empirical implications are discussed in Smeeding (1990) . For Germany, see also Münnich (2001) and Münnich and Illgen (2000) . 
Financial situation of elderly people
The intertemporal evolution of mean pretax-post-transfer equivalent incomes is summarized in Figure 1 . The left-hand graph refers to pensioners; the right-hand graph refers to non-pensioners. Table 2 . More precisely, Table 2 provides the pair-wise differences in point An asterisk indicates that an intertemporal change between two consecutive periods is significant at the 5% level. For pensioners, Figure 1 in combination with Table 2 indicates a substantial and significant improvement of the financial situation in both parts of Germany. In the OL, average CPI-adjusted equivalent income grew by 42. 56% (17.51%) from 1978 to 2003 (1993 to 2003) . Moreover, income growth rates were rather stable, about 8% over a five-year period, except between 1978 and 1983 when it was lower. In the NL, incomes grew even faster, 41.37% from 1993 to 2003, indicating a substantial catch-up process. However, still in year 2003, the regional divide in equivalent incomes is substantial: annual equivalent income for pensioners in the OL is about h5,714 higher.
Also non-pensioners experienced significant income growth, yet at lower rates: 24.78% (7.62%) from 1978 (1993) to 2003 in the OL compared with 21.40% from 1993 to 2003 in the NL. Moreover, the growth path is more volatile. Indeed, it tends to mimic the German business cycle. 15 In this sense, the German pension system can be seen as an insurance device against cyclical income variations. Another point is remarkable. Like their counterparts in the OL, incomes of NL non-pensioners stagnate between 1998 and 2003, and the income divide between the regions remains fairly high, amounting to h15,423 in year 2003.
The previous paragraph concluded that all four subsamples experienced significant income growth, but at rather different rates. We proceed by complementary evidence on the composition of elderly peoples' budgets. In Figure 2 , four graphs are provided, one for each subsample. Within each graph, lines connect point estimates of factor shares for subsequent periods. Vertical bars indicate 95% Hall confidence intervals of factor shares. Tests of statistical significance of intertemporal change in the shares are provided in Table 3 . Here, point estimates of pair-wise differences between the factor shares of periods t and t À 5, Dŵ i , and Hall confidence intervals derived from the bootstrap samples are provided.
We comment on pensioners first. The most important income source for pensioners is retirement income. It never accounts for less than 60% of all income in the OL, and always around 80% in the NL. In the OL, the share of investment income significantly increased until year 1998 at the expense of the retirement income factor share. From 1998 to 2003 the picture reverts, so that OL pensioners' factor shares all in all changed only little. Factor shares in the NL are more volatile. Although changes tend to mitigate one another over time, the figures indicate increasing factor shares of investment and other income to the account of retirement and employment income. For non-pensioners, incomes from employment make up most of their budget: around 70-80% in the OL compared with around 50-60% in the NL. In the OL, the share has significantly decreased during the observation period, especially in the 1990s. There is no specific single income component compensating for this loss. Most robust is the upward trend in the share of investment income until 1998. In the NL, most remarkable is the sharp decline in the share of retirement incomes between 1993 and 1998 in combination with an increasing share of transfer income. Indeed, surging unemployment rates in the NL since reunification prompted the government back then to introduce special early retirement regulations of limited duration (i.e. 'Altersübergangsgeld' and 'Altersteilzeit') for people of age 55 and older. This explains the high factor share of retirement income for NL non-pensioners in 1993. These regulations eventually phased out and many elderly started receiving 'classic' old-age pension in later years, contributing to the declining factor share of retirement income for NL non-pensioners between 1993 and 1998. The rising share of transfer income between 1993 and 1998 and the decline in the share of employment income between 1998 and 2003 reflect the rise in unemployment rates in Germany's newly formed Laender. 
Income inequality
The results from the previous section indicate a substantial financial improvement for an average elderly person over the last decades. Yet, is it the case that incomes grew equally fast at the bottom, in the middle or at the top of the income distribution? We start off by looking at the issue of income inequality by means of the Gini index. As a relative index, it remains invariant under equiproportionate variation in income, it increases under variations in favor of the 'rich' and it decreases under variations in favor of the 'poor'. Point estimates of Gini indices and Hall confidence intervals, ð2Ĝ À G * high ; 2Ĝ À G * low Þ, are provided in Figure 3 . Different bar widths are chosen to ensure that confidence intervals are visually distinguishable and have no further meaning.
Gini indices for the OL indicate little change in inequality levels for pensioners and non-pensioners from 1978 onwards. For pensioners, the index slightly decreased by 2 percentage points from 29.89% in 1978 to 27.89% in 2003. For non-pensioners, the index increased by less than 1 percentage point from 33.07% in 1978 to 34.01% in 2003. In the NL, the picture differs: Gini indices increased considerably between 1993 and 1998. However, inequality at the start of the 1990s was fairly low: in 1993 the Gini index for pensioners was 16.56%, echoing a flat income distribution in the former German Democratic Republic. For non-pensioners, it is 26.51% in 1993 compared with 31.78% in 2003. Indeed, overlaps of confidence intervals indicate convergence of inequality levels for non-pensioners across the two regions. As opposed to this, for pensioners the inequality divide between the two regions remains substantial. In 2003, Gini indices still differ by more than 8.5 percentage points (OL: 27.89%; NL: 19.16%).
The test statistics for pair-wise differences in Gini indices for consecutive observation periods in Table 4 corroborate the descriptive picture. Table 4 summarizes differences in Gini point estimates for consecutive periods, DĜ, For the NL, test statistics reveal a sharp and significant rise in inequality from 1993 to 1998, and stagnation since then. This is equally true for both pensioners and non-pensioners. We can conclude from the above results that inequality changed rather little during the observation period in the OL, but it increased rapidly from 1993 to 1998 in the NL. As a result, for non-pensioners, our findings indicate a convergence of inequality levels in the OL and NL.
For better understanding group-specific inequality trends, we proceed with a breakdown of income inequality by income components. More precisely, Figure 4 depicts point estimates of concentration coefficients together with 1978 1983 1988 1993 1998 2003 year Pensioners in the Old German Laender 1978 1983 1988 1993 1998 2003 year Non pensioners in the Old German Laender Again, differences in bar width (and color) are chosen to offset Hall confidence intervals visually. As a bivariate inequality measure, the concentration coefficient of i gives the inequality in i related to a household ranking by pretax-post-transfer equivalent income. We find similar results for all four subsamples. Concentration coefficients for employment income, investment income and other incomes are positive, and hence distributed in favor of elderly persons belonging to the upper part of the income distribution. By contrast, negative concentration indices for transfer and retirement income reveal that both are distributed in favor of elderly people with low pretax-post-transfer equivalent income. Tests for statistical significance of intertemporal changes in concentration coefficients are provided in Table 5 . For OL pensioners, estimates from 1978 to 1993 indicate a decline in concentration coefficients: out of nine significant changes, seven have a negative sign. On the contrary, between 1993 and 2003 four out of five significant changes are positive. The aggregate effect of these intertemporal changes is the concentration effect, which can be taken from Table 6 . Indeed, for OL pensioners this effect is significantly different from zero and negative between 1978 and 1988, and positive when comparing 1998 and 2003. For OL non-pensioners, rising concentration coefficients of retirement and investment income (employment and retirement income) lead to positive concentration effects between 1978 and 1983 (1998 and 2003) . A significant decrease of the concentration coefficient for transfer incomes between 1983 and 1988 goes hand in hand with a negative concentration effect for the same period.
For the NL, there is no obvious pattern. Only one concentration effect out of four is significant ( pensioners, comparison between 1998 and 2003) . For this reason, it must be the changes in the income composition that have induced the steep inequality increase in the NL. Indeed, point estimates and confidence intervals of share effects summarized in Table 6 support this conclusion. For 1993 and 1998, share effects are significant and positive for NL households, particularly for non-pensioners. As opposed to this, share effects in the OL are typically insignificant or tend to mitigate concentration effects, so that no significant change in the Gini is observed.
We conclude the empirical analysis with a summary of Gini elasticities. All Gini elasticities reported in Table 7 are point estimates (in %),Ẑ i , together with corresponding Hall confidence intervals. The interpretation of the reported numbers is straightforward. For example, the entry '0.0728' means that a 1% increase in employment income will lead to a 0.0728% increase in the Gini coefficient. Gini elasticities help answering the following type of question: Let there be an equiproportionate rise of retirement incomes, what will be the effect on the Gini index? As such information is particularly useful for evaluating recent policies we restrict attention to the most recent observation period.
For pensioners from both regions, an increase in retirement income causes the strongest decrease in the Gini index. A rise of transfer income lowers For non-pensioners, changes in employment and transfer income have the strongest and opposed effects on inequality: while a rise in employment income is inequality augmenting, the opposite applies to transfer income. Elasticities of retirement and investment income are not significantly different from zero, whereas for other income it is positive.
CONCLUDING REMARKS
In this article, we have studied intertemporal changes in the income distribution of Germany's elderly between 1978 and 2003. The elderly population, defined as people of age 55 and older, has been decomposed by residence (Old vs. New Federal States), and we have also distinguished elderly persons receiving an old-age PAYG or civil servant pensions ( pensioners) and elderly persons who do not (non-pensioners). By means of price-adjusted pretax-post-transfer equivalent income and factor shares we have described changes in the financial situation of elderly people. Gini indices and further complementing information, particularly concentration coefficients and Gini elasticities for different income components, have been provided to shed light on extent and driving sources of inequality. To establish statistical significance of results, we have estimated standard errors and Hall confidence intervals using the bootstrap method. Our findings build on six cross-sections of the EVS.
During the observation period, the financial situation of elderly people improved significantly. Particularly, this applies to pensioners in the NL. Nevertheless, annual average pretax-post-transfer equivalent income in the NL remains significantly below the OL level. On an annual basis, in year 2003 the difference amounts to about h5,700 for pensioners and h15,400 for nonpensioners. It can also be shown that income growth rates are less volatile and higher for pensioners compared with non-pensioners. In this sense, the German pension system is an effective insurance device against aggregate GDP shocks.
Concerning the issue of income inequality, we find that the income distribution of the elderly in the OL is both rather stable and flat. For pensioners, we find a slight but significant decline of the Gini index in the first half of the observation period and stagnation since then. For nonpensioners, there is more variability in Gini indices between consecutive periods. However, due to opposing signs of intertemporal differences, Gini point estimates for 1978 and 2003 differ by less than one percentage point. In the NL, inequality from 1993 to 1998 surged rapidly. As a result, by 2003 the observed divide in inequality levels between non-pensioners in the east and west almost vanished. For pensioners, the divide remains, with inequality being lower among NL pensioners.
Recent reforms of the German pension system include a paradigm shift towards a more funded pension scheme. Moreover, retirement age has been raised from 65 to 67 years. To compensate for resulting future replacement rate reductions, in 2001 the German government started to promote the Incomes and Inequality in the Long Run r 2010 The Authors German Economic Review r 2010 Verein für Socialpolitik development of private pensions by means of special saving subsidies and tax incentives, the so-called 'Riester-scheme'. Participation in the Riester scheme is voluntary. Evidence from micro data suggests that the stimulating effect of the Riester scheme on private old-age provision in the case of low income households is small (for Germany, see Corneo et al., 2009) . Hence, together with high and positive Gini elasticities for investment income, the evidence suggests that such a reform is likely to increase inequality among elderly in the future, and that old-age poverty might become a more important issue in future decades. To mitigate these effects, one could try to enhance participation rates of low income households in private retirement plans either through higher saving subsidies or through making participation compulsory.
Finally, some words about the intertemporal comparability of results. As two referees correctly pointed out, our database is cross-sectional in structure, and derived point estimates must be complemented by standard errors or confidence intervals for examining the statistical significance of results. This is what we have done in the present version of this article. In this sense, our results also contribute to closing the 'lack of statistical inference in the literature on measurement of income inequality' (Athanasopoulos and Vahid, 2003, p. 415) . To ensure intertemporal comparability of estimates, we have spent a lot effort on ensuring that our income variable, pretax-post-transfer equivalent incomes, which is constructed from various EVS variables, contains intertemporally consistent information. What we have to take as given is the top coding of incomes, potentially resulting in downward-biased inequality estimates, and the exclusion of residents in nursing homes or other institutional accommodations from the database.
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